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(57)Abstract 

PROBLEM TO BE SOLVED: To provide an optical fiber 
amplifier which requires only one excitation light source. 
SOLUTION: The optical fiber amplifier comprises a 
transmission fiber 1 which is a gain medium for distribution 
Raman amplification, thulium-added fiber 2, one-wavelength 
excitation light source 3. wave divider which divides the 
excitation light from the excitation light source 3. and wave 
combiners 5 and 6 for combining signal light and the 
excitation light output from the wave divider. Due to this 
structure, only one excitation light source 3 is required. 
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<&M 20 0 3-1 10178 



s> y 9 A^io^ r -< ffi** L/caigft *fs fc # 
S^Sr#t" 5 1 i t»«t tS*77>f ^*«SI. 20 

I5^y i?ASS»77>f^AWStS^Sgi:, WES' 
ro#»»a>feffl»L;fcaiBft«:* WE 

fS^#iSt*fc5 7-7y7 7^/^> ljffifi^Bftje* 30 
T << *frh OM LfcBjEJt i 

7 7 >f /<SrBfi-t-aafi3tjft** s 1 3 7 5 nm*S§(Da 40 

as*** *#-r* - 1 *&mk-rzft7 7>C'<ftm 

So 

1 4 0 5 nmi 9 V^gJt^i: ^ t 

[ffi#JS8] »*9-r^*BW*U»«C*-Cfc*^**> so 



7 h7r4''<a»&&&lkRfin87r<f 

— #<D®)jg3fc<73ffi:g:;&S 1 3 5 0~1 4 3 0nm > flfe^W 
S!)S3t^)&fii s 1430~1480 n mT-fcSljiJlES:^: 

WIE®jg3tOJ8[SAS 1 340~146 0nm-Cfc5;i 

[ft#Jgl0] SflSK&gLfcS&l ©77^77^^ 

fglcKI Ufcf 2 C 5 ^ >-7 7 -f^i > ^raiki- 
^!gLfc7 y 7AgsJD7 7'f'' ! i:> fiftlESS 1 ©?^V7 
ri'-'^^ltlS-rSfiS/as 1420~1460 nm<7>^l 
<0®^*aSi:, BtFlE^2cr)9-^>7r't'-'<^S()^i-5Sc 
1420~1460n m®^ 2 <7?fS)ig3t2i5C i: , itfrffi 
7^77^ /<Sr®fii--5^3 0Ebfi*JgSr*-r 

5, Itie7t&SA s 1 340-1 50 0 nm<7)^4(Dfa)e 
j&ftas I340~1500n m<D$& 5 roSft^TtJl, <£>4> 

[ft*:^i2] mm&4<DEhigft.mfr<bmmLtL®m 

i&e3fc<o-£-j|£«&\ StilE^ 1 ©9-^^7 7"f^wttiS<r 

07-?777^^t, «t>raS«-t9:gLfcy y !7A^JP7 

4 2 0~1 4 6 0 nm»^l (DSSgJtJSi, buIE9-v> 
7r^^5rSi^-t" ; 5> SgiU 4 2 0~1 4 60nmO 

^2<DS6s*agt, HtriE^y v j*.mn? r j ^zmm-r 

[000 1] 
[000 2] 
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3 (a) BIB13 (c) l-^i~o Ztlb(Dmi<C7jk'ryt 
7r>f^BSStt, fafrV^y^ (Tm) 8ajP3ft7 7 
^'<J««» (TDFA) ti77-<^5^>*B« »L 
T7^>if*I^, F R A) Sr«#*oe»^HLTittW 
»«Lfc«fiRSr*i"S- fc«U (a) fc*-f* 
J5fc (#%:£fSfc [1] K.Fukuchi et al..0FC. PD24, 20 
01) tt, #*it«Sl9^>'»*B«*r. 013 (c) UlS 

[2] J. Masum -Thomas et al..0FC, 
WDD9 , 2001 ) 14, *^»«at9^>ii«»4:«^T^ 
5 e *fc % Ell 3 (b) d^-fflWc [3] 
J.Bromage et al..0FC. PD4 , 2001 ) tt, 

[0 0 0 3] TDFA^imiStt % >y ^ASSJin^T-f 
/< (TDF) , *fcFRAO*J#jBEKtt'>y *7r^^ 

StSft^t^r^^ (^^r^) -efcSc Hi 

^igtlMFR Aid^-r^tcO^LT*. MildiFR 

[0 0 0 4] Sfefc* «*ft*lf*c«&«7r^^it*W 

<£>fdlO«/& C 1 3 ) ^14 ( a ) RUm 1 

4 (b) t^-To ^mmt. mi 3 (a) (OTtt^i: 

tf>* t t 1 *t«8B#te* TDFA^EDFA^t^JEltfc 
[0 0 0 5] 

fti©±5fcRB«a s £C"CV^* 0 Ell 3 (a) 

{4, 1 4 2 0 nm&XXfl 5 6 0 nmt?jbi, ^<^<b 
TDFA^IIt^-^^ H/H4BI1 5 1^ Lfc £ 9 
4otJ39, TDFA0>*«»MU 1 480^61510 

s<mm&<OW&X^* hfrti* 115 (a) {CTjk^tcX 

h/u^e>ft*5o Lfc^ot, #*rit-Ctt, fitf#»fi« 

[0 0 0 6] SfeK, WIE* S3t ^ r>f^* 

«»©eiS7T-<^©BjBS*H:l 3 8 0 nmftitf'l 
4 0 0nmtfc5. ei5:7T>f #7r-f '< 
cDffl*^^^ h/UO0ySrBI 1 6 td^"t*e r*tl4^y*7 

BBfc*tfc±5fc, aR*>y*77^^tt, i38o 

7?7^1 3 9 0 nmlffl:v'y*77^^O0HSl:g 



> V * 7 T <4 '«DmmiZ ct 0 < Lj5>Lfc# 
6, #<OHMI*©fta77-f^(l. 3 M m*-^r 
-K7 7^^1. 5/im»»'>7h77^^) tU 

10 ^-^«fiifi»««:i3j:-t 1375-1405 nm-Cfc 
S e Lfc^ 0 -c, JHo*rti:«5*77>f^*(l»K 

S e *<Dfc» % BJBJtoa***** < . BS»***«T 

*fc«5*77-<^*«»^t)WC , tffc5. 
[0007] t»BJB2«li«*cfllS*7r>r^*«»-c 
ttv Bfi*«*d $ »**l«ffl9^>*t«**c§BL-C 1 4 
1 0 nm, .*t*«S?^>i|(l»li:IB It 1 3 9 3 n 
m^it/1 4 2 7 nmT'foSo *«fi8;^*3tt 5*J#^-< 

20 ^h/w$rB15 (b) tc»Lfc. HB£#JIR-*-ixli* r 
£K 1 4 8 1 — 15 1 O-nm0S#Kl*UWd*£ 
CO**. Ifc^ot, *«J*-Ctt, 
^i^•r^ l 9Wv^i:V^9^^^^l:TV^So *fc\ tul£B 
S3fc&ft 1 4 10 nmfeitfl 3 9.3 nmtt, mJlES^ 

[0008] gfrlE J& 3 m& ^tezytyr^^m 

*I*-e«, TDFA^Ji^ h/U<h FRAO^IJ^^ 
^ WK^-frfifcfclJ: 9. *5jl^l 4 6 0—1 5 1 0 nm 
30 Oi£ftft«"efiJ#*s^c-CV>a o -U*»Lft3ft5b, FRA 
ffloB3B3fc*ft tTDF AJB<BBiBftaft*a**:# < «*t 
Ti^Sfctf), 2 oi©Bfi*ai[* J *K"e*) 0 . BiB*K* s 
Kfit-JSCT2o^i|-e&-5i:V^^^^C-CV>5o 

[0009] ±Btt*a»ic**; *J»*« 

5 * y 7 a s r t * s w * t^ e 

[0010] 

40 w<ommL ^^ii^-efcSo 

[ooni siwm, y y VJ*mMyr<<'<b, 

l^S^B®^^, roBe3t»^b^BjB5tS:»jft 
-rS^&S^:, «»*iflWB»»«^6lil*L*:Bfi3fe 

M-Ctt, BiE*«* s afi*fctf?C'C2o i KK'C*>Si:V^ 

[0 0 12] l2W^lt ^i^^iP^r^^i:. 

so jKft'oBiEJtKfc. ^OBfi*«36>fe«)Bfi*«r»*"#- 
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[o o i 3 J %3<d&w^ t J*mn? r 4 '< t . 

Ebfi*** ii»JSEifcf£eiM:7 7^<t-A«£-ti\ 
[0 0i4]*4Ol8«tt, y y ^ASa7r^^i:, 

jSsrosb^Ttasii:, rcoag7t^a»k cosset sris-i^t 
si. wiEy y t7AasjD7r'<^^5>aiitbfc@iS3tsr 

ff-5§-7t -5 #i&5§£, i0^tt»A»bta»bfcBb 20 

®e7t^ 5 ^^(-<S C"C 2 Oi&g-Cfc 5 £ v> 5 
[0 0 1 5] W,5<D^m\t, y])VJ*mM7T-(<><t. 

ME? V7 t -f fe UfcSbeTfe^ft^Tt i: 

y y ^A^in^r'f ^{-Ait^-ar. m-^3fc s-a- 

agds^SI-JS? 2 o^gffcS b ^ r> $£&&M<o!kM. 
|ooi6] leo^fi, -j/y 9^«iP7r^^, X 

rofknea^T^^sraiB-rsaifi^ftft* 1 1375 
n mmffi<D®&ft.mb , m c < 1 4 0 5 n 

[0017] m7<D&w&. ^y^^m^mmmv. 
x-hz>mmfcm7T'{'<b. Mf7^>mw<o^miStK 

X-h2>7-?>7T'('<b, l©7V>77'f^fil@t 
5f!ifi7t^Si 5 l 3 7 5 nmSlroigMi^ |S]tX 
SngftSifia 5 1 4 0 5 nm<fc X) *.%^m&%Mb*miT 



6 

[0018] jssoaswii, 7>^>y^>mm<omnmM 
xhz>ttm~>7 vyrJ^frbtezmsLtemyr-i'* 

gsaa 7 7 -r ^?*i#gs^M?ijica(iSE^»s^s«s £ 
/nf a gs*p 7 r w s<mmmx n 5 ^it*is t , — * 

cOHjgTfccO&ftriS 1350~1430nm % <&^<7>Eb® 
3fccOj£g# 1430~1480n mT'fcSHufESiSfejjIr 
77^ '<£S4ig1- 5 2 ooSfteTt^i Sr*-T 5 

LT, ****«*»«l#it*s#6ii*iv> 5 *]**'*> 

[0 0 1 9] ^9^^0^{4, ±IEl7IiM5«?5^W0?flTiX 
*^o»C|E«6i-53t7 7W^JitiS^*3V'>T, SSfEBiig 
ftco&fi^l 3 4 0~1 4 6 0 nmt-fcS: b&W&b 

[0 0 2 0] fgl OW^P^tt, MSt-iSMLfcmi ©5 
7777^'^, mSl-lSML7i^2(D9-W7 7-i'^^ 

b, ^mm^mLtcyv9^mi}ayy^y<b, mum 

I©7vy7 7^^?:®@t5. H^1 4 2 0~14 
6 0 nmCf 1 COagTtSIi , itfffE^ 2 CO 7 T 1/ 7 7 << 
^&B@i~5 . J&S* 5 1420~1 460n mcogl 2 CO 

(D®m3tmzm-rz>zbziwmb-rz>o *mw?tt. m 

1 5 2 0 nm«±coKg«{C*3(t5HtfieS^<lr9-^V7 

|0 02 1]|11 co3S93te, MIE^ 1 0 co^BJ(c*3^ 

«S1 3 4 0~1 5 0 0 nmC0^4cOSbfi3t8g4:, husEM 
2c09-^>7 7^^S:®fii _ 5, ®^7t^S*5l340 
~ 1 5 0 0 n mco^ 5 coa^3tMx co^^e <Hlo4: 

(b-Tco-c, 2*cr>7-<?>'7T'{-'«a$m&+ftj:% <x 
#5 (0iJ±«7 d B£JLh) £ V^fiJ^i s fcS„ 
[0 0 2 2] %&1 2C0^BJ«, milE^l lcO^B^^i*5V^ 

1 ©7-7>77^^I< fc«)CO{f-^7ti:aS7tcOa-^ 

SSSr, tfotdMl<7>7^>7T'('«ommz.WcW.\^1zz.b 

zmmb-rz. *&wx-te, tfuaLfzmm&tommyt 

Sf)!2m^-7tco^^l-7^^Jt#<Srt.fc?3-rco 
-e, 2*:c0 7^V7 7-f^co?iJ#Sr+^7C#< ft 5 
(F!lx.li7 d B£l±) iV^^iSftS. ^bt-MSco 
7-^:-'7 7^''*l-*3i' l -C > ^*coae5ti s , ml*(6] 

(m-§-3ti:afi5t^7^v7 7-< , ^ c fT'Pn:e»*r6j£ 
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[0 0 2 3] mi SOJffltt, flWMcRBLfcd*^ 

Sfi^ 1 4 2 O - 1 4 6 0 n m(^I 1 , 
1 4 6 0nm<D&2<nmi§L%Mk. StTsE^ y ^7^^P^7 10 

[0 0 2 4] 

[0025] cm 1 (ommmmi 01(a) u^-r ± 20 

tt77^^2i, iStJR Wfl-CUHlOnm) <7>M6 
[0 0 2 6] *»il:«5*77>f^*(»tt> 013 

(a) i^t««^(attv^^, &<^as±K 

t*^-il3 (a) «C*i-«*-e«t, ^ 
77-f irTDF <Z>ag3te&ft fl s W h 30 

»4ot^5o «N-* TDFHt2jftft'CBfiSixT*3 
t>, *»*«oajB*tt« (1 5 6 0 nm) liWfe^C 

[0 0 2 7] ^ld»U e^r-r^i 
<z)ig»st, y y 9^as&p^r-<^2<7>afi3tifift 

SrPCtCLTV^o -wT% Ell (a) <£>«J?Sctal^Ca 

je*as3^&oae3ts:»jK*4-c2^b'r, ea&^r 

Tv^5o c<a«/SKJ:*Ltf* iSffi^ae^tjS 3 & l 

jxBu^ae*aii"cai8b"ct>Av\ 2001 

[0 0 2 8] *®!B«cJ:ixff, e^r-f^i K*5tt£ 
Srt^lSo 0*Jx.li* aig^JStftSr 1 3 9 0 nmft 



0-1510nm) (^€36 7 r >f 1 (D^^l/W&t 7 

[0029] 12 tt±is* i <Dnm<Dmmz}oii 

1 4 2 0 nm£ Lfco HHtCttTD F AfUW£4Mli9^ 

5o ^^fW*-** h/UttaiB3t«ftfc«#U-C*# 
<v-^h-T5^, TDFAWft^ h/K^afi^tj&S 

£TDF Ann*'*? h/wo^Oifi#ttSr?UfflbT, 
S. 

[0030] im 2 (Dmm.vftm'} mi (b) {c^-ri 

77^^1 2£, **9^>*«^*J»aSEW-C*>*9-v 
^77^^11^ 1 jKfi<£>afi3fciRi 3 CioSbjg 

3t«i 3^e>oae*sr^«-t-s»«*i 4<t. m-^jt 
sis, i6 £Sr**-t-s 0 

[0 0 3 l]*Ill:K*77^^Wll (213 
(c) »c^i-a*a*i:Siffilb-CVNSds, ?fcrc>jfeas£fc 
113 (c) ^^-rfltfift-CB:, 7^ 

v 7 r >*0>aje3teifcft i t d f <Dmmyt$.&&w t a> 

^ft/jioTV^5o TDFIil 0 6 0 nmtflg$ 

*lT*5tK *Ojft*«G>a*#*T, 5v>77>f^7 

[0 0 3 2] r*U«*U *«?tt-Cf4, yVVJ*mU7 

ttRfitf^C^LTl^So r 01 (b) 

tt, 01 (a) (Dm&kmmz.^ mtm&XMi 3*>6 

©afi*«r5Mft»i 4t2^tt, 7^77^/^11 
ir^y ^^3JS*P7r>r^l 2S:a@i"^«^cSr^bTV^ 

[0033] ttmmm*^? h^&m&xxfmM 

[0 0 3 4] B3^Ii«i] 0 3 (a) 

*o*iJ#jKKT?*>5*Kea67r>f^2 l fc, ^yi>^ 
S»77^f^2 2 ^ 1 S5^»a®3fe2l2 3 rol 

i83t«2 3^fe<z>ajB*sr«*3ti^aftUTWfay y 

A^iP^r-f^^2 2{-Alt^ii:6^SI§2 4 i:. S&fE^ 
y 9AS^JD77^^2 2d*feWI*bfcafi3tS:flr#*t 
^&-fS^SK»2 5 rco^K^§2 5d*C>tMtUfca 
jg3tS:«WB»KejaS7r^>'<2 U-AS* SiirTif ^-ftk 
^-f-S^K* 2 6 i £r#i-£o 
[0 0 3 5] *«««w«S*7r-<^ii«»«:. » 1 
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So 

[oo3 6] cLtucatu — ooaejtaB 

■Sfli:7T>f'<2 2CIAU *0>yV9J*Wto'7T'('< 

2 2*r»iv>ajB3t^i7— -eajB-rs. ^tt, yy^A 

aSbn^r^'^ 2T-5SiR$tbi x {cffiltb^S}S7t«r, # 10 
&3§2 5Stf§«»2 e^l^Te^T-f'^ IK* 

f^*#Kft#-rs*s, ^^^i*p^t-<^2 2t*iii( 

co 5^. d^f9^M^^S&je^*ea67r-<^2 i«^# 

TJ3u «El^*JliW«lfti:W«©*iJjRS:*''rS. 
[0 0 3 7] [|4^S«] .123 (b) {^l^-r<}: 20 

^77^^3 1^ l^S<DSbfi^tai3 3 t. rcOEft® 

^3 i39»&ffl»bfcBiB**«**fc»* , t'«»*« 

3 5£, :(OMS3 5 3&»&Hrt*LfcBtt*«:tWE2yy 
!>^mSP7r-f^3 2tcA#*£-fc*r. {f -^tch-g^i-S^ 
iSS3 6i:$rtt5c r^T\ y y ^S^P:? r^'* 3 
2**feffl»S*tfc«»*tt^- 3 7£^LT 30 

— 3 SS#&»3 5^Si§L"C7 

vy77^f^3 1 IdA&fU r. ~ T*¥?Sii(S £ ixfcSL 

3 4 SrSiB U t^aI/-^3 7^Lt^S 
Kttitt£*lSo 
[0 0 3 8]*IiCiM77^^«ll I2C0 

■r*tofe, m2(ommmmx^, -rooaaftwi 3 

r>f>*i 2M7vy77^^i li^EU^nbJ: 40 
Bjgb-c^s 0 

[0039] :nc»t, — ^><Dmm%m 

3 3^e>OBe3tSr, £^J£S3 4£rJHVv , C5-*'>':7 
7^/<3 1(:i|AU ^t^-^^r-f^S 1 SrK^B 

»iR5n-f»-til*»L,fcBjE*4r. »3 5S^g 

3 6 %m^xy y ^^mu^r^y<3 2i:»aitv^ 

So 7V>77^^3 1WWWiC 

^SdBtfcS^b, d^^SS^fJ^^Be^ 5 ^-^^ so 



7 7 ^^3 1^#g(t5c Lfcj&s.oT. *J£ffifC±*L 
tf. *2«>^lifio^ffi^Jt^5^v7r-Y^3 1 SrBJV^ 
®je3t^!7— ■CBjB-C*5*^fiJ^dSfc5 0 £>f^ a* 

&ffifc:*frLTf*, «2O|li(6<0^«4:WI«o*iJ^*:.#i- 

[0 0 4 0]'JiEJ(S4 0*16<0^1»lC*5U^T, «ME9^ 
^77^^3 1 ^AjSJp7r-Y^3 2$rAtifx. 

[0 0 4 1 ] [m 5 <V^M<Dltmi 114 (a) 
5*-, *»»:«5*77^^«(l»tt, 

77>f^42^ WEeaS7r-if><4 lSrBjS+SBfi 
3t«** s 1 3 7 5 n m*i«tf>aa3te (*^t8"Ctt 13 7 
Onm) &&&-rZfih&ytW4 3t, I^C<i)gMI 
# 1 4 0 5 nm£ 9*:#V>a$23fc (ffilfltl 4 10 
nm) S:mW"*-<5BjB3t«4 4i\ fiUE^ 3 * AgfebP^ 
7^^4 2^ijgt5igffl4 5.^tt5o 
X\ agffl4 3, 4 4^bffiit$tL5afi3ttt, 
«4 6 fC«»7 7^4 1 fcW** ft, *fcBfi 
Jt«4 5 3&»6)Hi***n5BjB3fe»^«*4 7 Sr^ury 

y ^J^WM-yy^^A 2(j:ftil&$jx5o 
[0 0 4 2] *»tt»2ifll»*7"r-<^*«IIH:, 0,13 
(a) {c^-r^K«<t^fabTv^s^, fco^as^c: 

"T a3f5ft«tH:vfiiS7 7>fHS:l3 
8 0 nm&tfl 4 0 0 nm<D2$Staettl^^ 
*JF2f®~Ci3: 1 3 7 0 n m&t* 1 4 1 0 n m<7) 2 i£fiT*B 

So 

[0 0 4 3] SI 6l^tv'^7 7^^a^^ 

h^4#tticj:tLtf, mi 3 (a) ^^-rse^^r-fi, 

7 5-1 4 0 5 nm(7)fBltfe5o It^ot, Bg*l: 
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(54) OPTICAL FIBER AMPLIFIER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical fiber amplifier which requires 
only one excitation light source. 

SOLUTION: The optical fiber amplifier comprises a transmission fiber 1 which is 
a gain medium for distribution Raman amplification, thulium-added fiber 2, 
one-wavelength excitation light source 3, wave divider which divides the excitation 
light from the excitation light source 3, and wave combiners 5 and 6 for combining 
signal light and the excitation light output from the wave divider. Due to this 
structure, only one excitation light source 3 is required. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] Optical fiber amplifier characterized by having the multiplexing machine 
which multiplexs a thulium addition fiber, the construction transmission fiber 
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which is the gain medium of distribution Raman magnification, one wave of 
excitation light source, the splitter which separates spectrally the excitation light 
from this excitation light source, and signal light and the excitation light outputted 
from said splitter. 

[Claim 2] Optical fiber amplifier characterized by having the multiplexing machine 
which multiplexs a thulium addition fiber, Raman Feiba which is the gain medium 
of concentration Raman magnification, one wave of excitation light source, the 
splitter which separates spectrally the excitation light from this excitation light 
source, and signal light and the excitation light outputted from said splitter. 
[Claim 3] A thulium addition fiber and the construction transmission fiber which is 
the gain medium of distribution Raman magnification, One wave of excitation light 
source, and the multiplexing machine which it multiplexs [ machine ] with signal 
light and carries out incidence of the excitation light from this excitation light 
source to said thulium addition fiber, Optical fiber amplifier characterized by 
having the splitter which separates spectrally the excitation light which carried out 
outgoing radiation from said thulium addition fiber with signal light, and the 
multiplexing machine incidence of the excitation light which carried out outgoing 
radiation from this splitter is carried out [ machine ] to said construction 
transmission fiber, and it multiplexs [ machine ] with signal light. 
[Claim 4] A thulium addition fiber and Raman Feiba which is the gain medium of 
concentration Raman magnification, One wave of excitation light source, and the 
multiplexing machine which it multiplexs [ machine ] with signal light and carries 
out incidence of the excitation light from this excitation light source to said thulium 
addition fiber, Optical fiber amplifier characterized by having the splitter which 
separates spectrally the excitation light which carried out outgoing radiation from 
said thulium addition fiber with signal light, and the multiplexing machine 
incidence of the excitation light which carried out outgoing radiation from this 
splitter is carried out [ machine ] to said Raman Feiba, and it multiplexs [ machine ] 
with signal light. 

[Claim 5] A thulium addition fiber and Raman Feiba which is the gain medium of 
concentration Raman magnification, One wave of excitation light source, and the 
multiplexing machine which it multiplexs [ machine ] with signal light and carries 
out incidence of the excitation light from this excitation light source to said Raman 
Feiba, Optical fiber amplifier characterized by having the splitter which separates 
spectrally the excitation light which carried out outgoing radiation from said 
Raman Feiba with signal light, and the multiplexing machine incidence of the 
excitation light which carried out outgoing radiation from this splitter is carried out 
[ machine ] to said thulium addition fiber, and it multiplexs [ machine ] with signal 
light. 

[Claim 6] Optical fiber amplifier characterized by having the excitation light source 
with the excitation light wave length same with the less than 1375nm excitation 
light source who excites a thulium addition fiber or Raman Feiba which is the gain 
medium of concentration Raman magnification, the construction transmission fiber 
which is the gain medium of distribution Raman magnification, and this 
construction transmission fiber, and larger excitation light wave length than 
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1405nm. 

[Claim 7] Optical fiber amplifier characterized by having the excitation light source 
with the excitation light wave length same with the less than 1375nm excitation 
light source who excites the construction transmission fiber which is the gain 
medium of distribution Raman magnification, Raman Feiba which is the gain 
medium of concentration Raman magnification, and this Raman Feiba, and larger 
excitation light wave length than 1405nm. 

[Claim 8] The construction transmission fiber which consists of a distributed shift 
fiber which is the gain medium of distribution Raman magnification, The 
multiplexing machine of signal light and excitation light, and the thulium addition 
fiber amplifier connected to the splitter of signal light, The erbium addition fiber 
amplifier or the Raman amplifier connected to this thulium addition fiber amplifier 
at juxtaposition at said splitter, Optical fiber amplifier with which wavelength of 
one excitation light is characterized by the wavelength of 1350-1430nm and the 
excitation light of another side having the two excitation light sources which excite 
said construction transmission fiber which is 1430-1480nm. 
[Claim 9] [Claim 1] Or optical fiber amplifier characterized by the wavelength of 
said excitation light being 1340-1460nm in any of [claim 5], or the optical fiber 
amplifier indicated to one. 

[Claim 10] The 1st Raman Feiba installed in the preceding paragraph, and the 2nd 
Raman Feiba installed in the latter part, The 1st excitation light source whose 
wavelength which excites the thulium addition fiber installed in an intermediate 
stage and said 1st Raman Feiba is 1420-1460nm, Optical fiber amplifier 
characterized by having the 2nd excitation light source whose wavelength which 
excites said 2nd Raman Feiba is 1420-1460nm, and the 3rd excitation light source 
which excites said thulium addition fiber. 

[Claim 11] Optical fiber amplifier given in [claim 10] characterized by having the 
5th at least one of the excitation light source **s whose excitation light wave length 
who excites the 4th excitation light source whose excitation light wave length who 
excites said 1st Raman Feiba is 1340-1 5 OOnm, and said 2nd Raman Feiba is 
1340-1500nm. 

[Claim 12] Optical fiber amplifier given in [claim 11] characterized by installing 
the multiplexing machine of the signal light for leading the excitation light which 
carried out outgoing radiation from said 4th excitation light source to said 1st 
Raman Feiba, and excitation light in the preceding paragraph of said 1st Raman 
Feiba. 

[Claim 13] The construction transmission fiber as a gain medium of distribution 
Raman magnification installed in the preceding paragraph, The 2nd Raman Feiba 
installed in the latter part, and the thulium addition fiber installed in an intermediate 
stage, The 1st excitation light source which excites said construction transmission 
fiber and whose wavelength is 1420-1460nm, Optical fiber amplifier characterized 
by having the 2nd excitation light source which excites said Raman Feiba, and 
whose wavelength is 1420-1460nm, and the 3rd excitation light source which 
excites said thulium addition fiber. 
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[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to the optic fiber communication 
system which communicates especially using an optical fiber about an optical fiber 
amplifier, and is useful. 
[0002] 

[Description of the Prior Art] The optical fiber amplifier concerning the 
conventional technique is shown in drawing 13 (a) thru/or drawing 13 (c). The 
optical fiber amplifier shown in these drawings has the configuration which all 
carried out series connection of a thulium (Tm) addition optical fiber amplifier 
(TDFA) and the Feiba Raman amplifier (omitting the Raman amplifier, FRA) about 
propagation of signal light. However, the configuration (bibliography [2] 
J.Masum-Thomas et al., OFC, WDD9, and 2001) the configuration (bibliography 
[1] KFukuchi et al., OFC, PD24, 2001) shown in drawing 13 (a) indicates 
distribution magnification mold Raman amplifier to be to drawing 13 (c) uses 
intensive magnification mold Raman amplifier. Moreover, the configuration 
(bibliography [3] J.Bromage et al., OFC, PD4, and 2001) shown in drawing 13 (b) 
has the configuration which carried out series connection of distribution 
magnification mold Raman amplifier and the intensive magnification mold Raman 
amplifier. 

[0003] A thulium addition fiber (TDF) and the gain medium of FRA of the gain 
medium of TDFA are silica fibers. However, a silica fiber is a transmission fiber 
which is the transmission line when FRA is a distribution magnification mold, and 
when FRA is an intensive magnification mold, it is the fiber (Raman Feiba) rolled 
round and held in the bobbin etc. It is L about a thing [ on drawing 13 and as 
opposed to TDFA and the intensive magnification mold FRA in the incidental 
notation of the excitation light source ], the thing about the distribution 
magnification mold FRA is expressed with D, and it is the excitation light source. - 
It has written like in LI etc. 

[0004] Furthermore, other configurations (bibliography [1]) of the optical fiber 
amplifier concerning the conventional technique are shown in drawing 14 (a) and 
drawing 14 (b). Although this configuration is similar to what is shown in drawing 
13 (a), the configurations of an intensive magnification part differ. The intensive 
magnification part of this configuration has the configuration which carried out the 
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parallel arrangement of TDFA and the EDFA. 
[0005] 

[Problem(s) to be Solved by the Invention] The following problems have arisen 
with the above-mentioned conventional technique. In the optical fiber amplifier 
concerning the 1st configuration shown in drawing 13 (a), the excitation 
wavelength of TDF is 1420nm and 1560nm. At this time, the gain spectrum of 
TDFA was shown in drawing 15 , and the gain of TDFA is in the wavelength region 
called 1480 to 1510nm S band. The gain spectrum of this kind of optical fiber 
amplifier is decided from a distribution Raman gain spectrum and a TDFA gain 
spectrum, as shown in drawing 15 (a). Therefore, with this configuration, the gain 
wavelength region is restricted and the fault of being narrow has arisen. Moreover, 
the fault that the two excitation light sources are required according to wavelength 
has arisen. 

[0006] Furthermore, the excitation wavelength of the transmission fiber of the 
optical fiber amplifier concerning said 1st configuration is 1380nm and 1400nm. 
TTie example of the loss spectrum of silica fibers, such as a transmission fiber, is 
shown in drawing 16 . This is one example in case a silica fiber is a 80km 
transmission fiber. As shown in this drawing, the peak of the loss spectrum with 
which the silica fiber concerned originates in the OH radical in a silica fiber 1380 
thru/or near 1390nm exists. The loss spectrum of a silica fiber changes a little with 
classes (classes, such as a transmission fiber and Raman Feiba) of silica fiber, and 
especially the loss spectrum peak value of said OH radical reason changes greatly 
according to the class of silica fiber. However, with the transmission fiber 
[ finishing / many constructions ] (1.3-micrometer single mode fiber and 
1.5-micrometer distribution shift fiber), said loss spectrum peak value is large, it is 
influenced by it and the loss value near [ the ] the peak wavelength is increasing. 
The region near the peak wavelength is about 1375-1405nm. Therefore, in the 
optical fiber amplifier concerning the 1st configuration, excitation light wave 
length is set as the region near the peak wavelength. Therefore, the fault that loss of 
excitation light is large and excitation efficiency falls has arisen. This is the same 
also at the optical fiber amplifier concerning said 4th configuration. 
[0007] In the optical fiber amplifier concerning said 2nd configuration, excitation 
light wave length is 1393nm and 1427nm about 1410nm and intensive 
magnification mold Raman amplifier about distribution magnification mold Raman 
amplifier. The gain spectrum in this configuration was shown in drawing 15 (b). If 
this drawing is referred to, gain has mainly arisen on 1481-15 lOnm S band in this 
case. Therefore, with this configuration, the gain wavelength region is restricted 
and the fault of being narrow has arisen. Moreover, 1410nm of excitation light 
wave length and said 1393nm of faults that loss of excitation light is large since it 
exists in said region near the loss peak wavelength, and excitation efficiency falls 
have arisen. 

[0008] Furthermore, in the optical fiber amplifier concerning said 3rd configuration, 
gain has arisen by composition of the gain spectrum of TDFA, and the gain 
spectrum of FRA in the about 1460-1 5 lOnm extensive wavelength region. However, 
since the excitation light wave length for FRA and the excitation light wave length 



6 



JP-2003-110178-A1 
Computer Translation 
for TDFA are greatly separated, the fault that the excitation light source whose 
number is two is required, and the two excitation light sources are required 
according to wavelength has arisen. 

[0009] In view of the above-mentioned conventional technique, a gain wavelength 
region is not restricted to a short range, and the excitation light source can also be 
managed with one, and this invention also reduces loss of excitation light further, 
and aims at offering the optical fiber amplifier which can also aim at improvement 
in excitation efficiency. 
[0010] 

[Means for Solving the Problem] The configuration of this invention which attains 
the above-mentioned purpose is as follows. 

[0011] 1st invention is characterized by having the multiplexing machine which 
multiplexs a thulium addition fiber, the construction transmission fiber which is the 
gain medium of distribution Raman magnification, one wave of excitation light 
source, the splitter which separates spectrally the excitation light from this 
excitation light source, and signal light and the excitation light outputted from said 
splitter. In this invention, the excitation light source can solve the fault of the 
conventional technique in which two are required, according to wavelength. 
[0012] 2nd invention is characterized by having the multiplexing machine which 
multiplexs a thulium addition fiber, Raman Feiba which is the gain medium of 
concentration Raman magnification, one wave of excitation light source, the 
splitter which separates spectrally the excitation light from this excitation light 
source, and signal light and the excitation light outputted from said splitter. In this 
invention, the excitation light source can solve the fault of the conventional 
technique in which two are required, according to wavelength. 
[0013] The construction transmission fiber whose 3rd invention is a thulium 
addition fiber and the gain medium of distribution Raman magnification, One wave 
of excitation light source, and the multiplexing machine which it multiplexs 
[ machine ] with signal light and carries out incidence of the excitation light from 
this excitation light source to said thulium addition fiber, It is characterized by 
having the splitter which separates spectrally the excitation light which carried out 
outgoing radiation from said thulium addition fiber with signal light, and the 
multiplexing machine incidence of the excitation light which carried out outgoing 
radiation from this splitter is carried out [ machine ] to said construction 
transmission fiber, and it multiplexs [ machine ] with signal light. In this invention, 
the excitation light source can solve the fault of the conventional technique in 
which two are required, according to wavelength. 

[0014] Raman Feiba whose 4th invention is a thulium addition fiber and the gain 
medium of concentration Raman magnification, One wave of excitation light 
source, and the multiplexing machine which it multiplexs [ machine ] with signal 
light and carries out incidence of the excitation light from this excitation light 
source to said thulium addition fiber, It is characterized by having the splitter which 
separates spectrally the excitation light which carried out outgoing radiation from 
said thulium addition fiber with signal light, and the multiplexing machine 
incidence of the excitation light which carried out outgoing radiation from this 
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splitter is carried out [ machine ] to said Raman Feiba, and it multiplexs [ machine ] 
with signal light. In this invention, the excitation light source can solve the fault of 
the conventional technique in which two are required, according to wavelength. 
[0015] Raman Feiba whose 5th invention is a thulium addition fiber and the gain 
medium of concentration Raman magnification, One wave of excitation light 
source, and the multiplexing machine which it multiplexs [ machine ] with signal 
light and carries out incidence of the excitation light from this excitation light 
source to said Raman Feiba, It is characterized by having the splitter which 
separates spectrally the excitation light which carried out outgoing radiation from 
said Raman Feiba with signal light, and the multiplexing machine incidence of the 
excitation light which carried out outgoing radiation from this splitter is carried out 
[ machine ] to said thulium addition fiber, and it multiplexs [ machine ] with signal 
light. In this invention, the excitation light source can solve the fault of the 
conventional technique in which two are required, according to wavelength. 
[0016] 6th invention is characterized by having the excitation light source with the 
excitation light wave length same with the less than 1375nm excitation light source 
who excites a thulium addition fiber or Raman Feiba which is the gain medium of 
concentration Raman magnification, the construction transmission fiber which is 
the gain medium of distribution Raman magnification, and this construction 
transmission fiber, and larger excitation light wave length than 1405nm. In this 
invention, since excitation light wave length exists near the loss peak wavelength, 
loss of excitation light can solve the fault of the conventional technique in which it 
is large and excitation efficiency falls. 

[0017] 7th invention is characterized by having the excitation light source with the 
excitation light wave length same with the less than 1375nm excitation light source 
who excites the construction transmission fiber which is the gain medium of 
distribution Raman magnification, Raman Feiba which is the gain medium of 
concentration Raman magnification, and this Raman Feiba, and larger excitation 
light wave length than 1405nm. In this invention, since said excitation light wave 
length exists near [ said ] the loss peak wavelength, loss of excitation light can 
solve the fault of the conventional technique in which it is large and excitation 
efficiency falls. 

[0018] The construction transmission fiber which consists of a distributed shift 
fiber whose 8th invention is the gain medium of distribution Raman magnification, 
The multiplexing machine of signal light and excitation light, and the thulium 
addition fiber amplifier connected to the splitter of signal light, The erbium 
addition fiber amplifier or the Raman amplifier connected to this thulium addition 
fiber amplifier at juxtaposition at said splitter, Wavelength of one excitation light is 
characterized by having the two excitation light sources which excite said 
construction transmission fiber whose wavelength of 1350-1430nm and the 
excitation light of another side is 1430-1480nm. In this invention, in the 
zero-dispersion wavelength region of said construction distribution shift fiber, big 
distribution Raman gain occurs and there is an advantage that a big lightwave 
signal pair noise ratio is obtained. 

[0019] 9th invention is characterized by the wavelength of said excitation light 
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being 1340-1460nm in any of the above 1 thru/or invention of five, or the optical 
fiber amplifier indicated to one, 

[0020] The 1st Raman Feiba which installed the 10th invention in the preceding 
paragraph, and the 2nd Raman Feiba installed in the latter part, The 1st excitation 
light source which excites the thulium addition fiber installed in an intermediate 
stage, and said 1st Raman Feiba and whose wavelength is 1420-1460nm, It is 
characterized by having the 2nd excitation light source which excites said 2nd 
Raman Feiba and whose wavelength is 1420-1460nm, and the 3rd excitation light 
source which excites said thulium addition fiber. [0021] which can avoid 
degradation of a noise figure and signal optical output power by it since the gain of 
Raman Feiba fully compensates said loss in wavelength region about 1520nm or 
more with this invention 1 1th invention is characterized by having the 5th at least 
one of the excitation light source **s whose excitation light wave length who 
excites the 4th excitation light source whose excitation light wave length who 
excites said 1st Raman Feiba is 1340-1500nm, and said 2nd Raman Feiba is 
1340-1500nm in said 10th invention. In this invention, since the excitation light of 
the added short wavelength brings the Raman gain to the short wavelength region 
of said signal light, there is an advantage that gain of two Raman Feiba can be 
enlarged enough (for example, 7dB or more). 

[0022] 12th invention is characterized by installing the multiplexing machine of the 
signal light for leading the excitation light which carried out outgoing radiation 
from said 4th excitation light source to said 1st Raman Feiba, and excitation light 
in the preceding paragraph of said 1st Raman Feiba in said 11th invention. In this 
invention, since the excitation light of the added short wavelength brings the 
Raman gain to the short wavelength region of said signal light, there is an 
advantage that gain of two Raman Feiba can be enlarged enough (for example, 7dB 
or more). Furthermore, in Raman Feiba of the preceding paragraph, since the 
excitation light of short wavelength has front excitation composition which carries 
out incidence to this Raman Feiba from front (the propagation direction where 
signal light and excitation light are the same in Raman Feiba, and becoming 
direction), it can aim at reduction of a noise figure more effectively compared with 
the case of that reverse back excitation. 

[0023] The construction transmission fiber as a gain medium of the distribution 
Raman magnification which installed the 13th invention in the preceding paragraph, 
The 2nd Raman Feiba installed in the latter part, and the thulium addition fiber 
installed in an intermediate stage, It is characterized by having the 1st excitation 
light source which excites said construction transmission fiber and whose 
wavelength is 1420-1460nm, the 2nd excitation light source which excites said 
Raman Feiba and whose wavelength is 1420-1460nm, and the 3rd excitation light 
source which excites said thulium addition fiber. In this invention, the effectual 
noise figure of the optical fiber amplifier concerned can be reduced from the low 
noise nature of distribution Raman magnification. Especially the amount of 
reduction is large in the big wavelength region of distribution Raman gain, and 
degradation of the noise figure resulting from loss of a thulium addition fiber can 
be removed notably. 
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[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained to a detail based on a drawing. 

[0025] As shown in [gestalt of the 1st operation] drawing 1 (a), the optical fiber 
amplifier concerning this gestalt has the multiplexing machines 5 and 6 which 
multiplex the construction transmission fiber 1 which is the gain medium of 
distribution Raman magnification, the thulium addition fiber 2, one wave (this 
example 1410nm) of excitation light source 3, the splitter 4 that separates spectrally 
the excitation light from this excitation light source 3, and signal light and the 
excitation light outputted from said splitter 4. 

[0026] Although the optical fiber amplifier concerning this gestalt is similar with 
the conventional technique shown in drawing 13 (a), the following points mainly 
differ. That is, with the configuration shown in drawing 13 (a), the excitation light 
wave length of a transmission fiber differs from the excitation light wave length of 
TDF clearly. Especially TDF is excited with two waves and cannot use clearly the 
excitation light wave length (1560nm) by the side of long wavelength for excitation 
of a transmission fiber. 

[0027] On the other hand, with this gestalt, the excitation light wave length of the 
transmission fiber 1 and the excitation light wave length of the thulium addition 
fiber 2 are made the same. Here, the configuration of drawing 1 (a) carries out 
excitation light from the same excitation light source 3 with a splitter 4 for 2 
minutes, and shows the configuration which excites the transmission fiber 1 and the 
thulium addition fiber 2. According to this configuration, in order that the 
expensive excitation light source 3 may end by one, there is an advantage that 
low-pricing of optical fiber amplifier can be realized. However, the transmission 
fiber 1 and the thulium addition fiber 2 may be excited by the respectively different 
excitation light source using the two excitation light sources of the same 
wavelength. At this time, the wavelength of the two excitation light sources should 
just be in the wavelength range of 1 .4-micron excitation of the thulium addition 
fiber 2. 

[0028] according to this gestalt, it is about a part of gain wavelength region of the 
Raman magnification in the transmission fiber 1, and gain wavelength region of the 
induced emission in the thulium addition fiber 2 — it is — it can be made all in 
agreement For example, the so-called S band (about 1480 to 1510 nm) can be made 
to generate the Raman gain of the transmission fiber 1, and the induced emission 
gain of the thulium addition fiber 2 by installing excitation light wave length near 
1390nm. 

[0029] Drawing 2 shows the example of the gain spectrum in the gestalt of 
implementation of the above 1st. At this time, excitation light wave length could be 
about 1420nm. TDFA gain, distribution Raman gain, and the comprehensive gain 
that are those sums are shown in this drawing. Although the Raman gain spectrum 
is greatly shifted depending on excitation light wave length, it seldom depends for a 
TDFA gain spectrum on excitation light wave length. Therefore, using the reverse 
property of the configurations of the Raman gain spectrum and a TDFA gain 
spectrum, as shown in drawing, a comprehensive gain band is expandable. 
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[0030] As shown in [gestalt of the 2nd operation] drawing 1 (b), the optical fiber 
amplifier concerning this gestalt has the multiplexing machines 15 and 16 which 
multiplex the thulium addition fiber 12, Raman Feiba 11 which is the gain medium 
of concentration Raman magnification, one wave of excitation light source 13, the 
splitter 14 which separates spectrally the excitation light from this excitation light 
source 13, and signal light and the excitation light outputted from said splitter 14. 
[003 1] Although the optical fiber amplifier concerning this gestalt is similar with 
the conventional technique shown in drawing 13 (c), the following points mainly 
differ. That is, with the configuration shown in drawing 13 (c), the excitation light 
wave length of Raman Feiba differs from the excitation light wave length of TDF 
clearly. Especially TDF is excited by 1060nm and cannot use excitation light of the 
wavelength region as the excitation light source for the Raman magnification of 
Raman Feiba. 

[0032] On the other hand, with this gestalt, the excitation light wave length of the 
thulium addition fiber 12 and the excitation light wave length of Raman Feiba 11 
are made the same. Here, like the configuration of drawing 1 (a), the configuration 
of drawing 1 (b) carries out excitation light from the same excitation light source 
13 with a splitter 14 for 2 minutes, and shows the configuration which excites 
Raman Feiba 11 and the thulium addition fiber 12. 

[0033] The description and advantage of a gain spectrum of this gestalt are the 
same as that of the gestalt of said 1st operation. However, since Raman Feiba 1 1 is 
the gain medium of intensive magnification, it needs to take into consideration the 
signal optical loss at the time of un-exciting [ of Raman Feiba ] on the Raman gain. 
[0034] As shown in [gestalt of the 3rd operation] drawing 3 (a), the optical fiber 
amplifier concerning this gestalt The construction transmission fiber 21 which is 
the gain medium of distribution Raman magnification, and the thulium addition 
fiber 22, One wave of excitation light source 23, and the multiplexing machine 24 
which it multiplexs [ machine ] with signal light and carries out incidence of the 
excitation light from this excitation light source 23 to said thulium addition fiber 22, 
It has the splitter 25 which separates spectrally the excitation light which carried 
out outgoing radiation from said thulium addition fiber 22 with signal light, and the 
multiplexing machine 26 incidence of the excitation light which carried out 
outgoing radiation from this splitter 25 is carried out [ machine ] to said 
construction transmission fiber 21, and it multiplexs [ machine ] with signal light. 
[0035] Although the optical fiber amplifier concerning this gestalt is similar with 
the gestalt of the 1st operation, the following points mainly differ. That is, with the 
gestalt of the 1st operation, excitation light from the one excitation light source 3 is 
carried out with a splitter 4 for 2 minutes, it distributes to the transmission fiber 1 
and the thulium addition fiber 2, and these are excited. 

[0036] On the other hand, in this gestalt, the excitation light from the one excitation 
light source 23 is first introduced into the thulium addition fiber 22 using the 
multiplexing machine 24, and the thulium addition fiber 22 is excited by high 
excitation light power. And the excitation light which carried out outgoing radiation, 
without being absorbed with the thulium addition fiber 22 is introduced into the 
transmission fiber 21 using a splitter 25 and the multiplexing machine 26. 



11 



JP-2003-110178-A1 
Computer Translation 
Consequently, although it is dependent on the operating condition of the thulium 
addition fiber 22, with the thulium addition fiber 22, excitation light runs at a high 
rate and the excitation light of a remarkable rate can be introduced into the 
transmission fiber 21 among the excitation light from the excitation light source 23. 
Therefore, according to this gestalt, there is an advantage of being able to excite the 
thulium addition fiber 22 by high excitation light power compared with the gestalt 
of the 1st operation. Of course, to the conventional technique, it has the same 
advantage as the gestalt of the 1st operation. 

[0037] As shown in [gestalt of the 4th operation] drawing 3 (b), the optical fiber 
amplifier concerning this gestalt The thulium addition fiber 32 and Raman Feiba 3 1 
which is the gain medium of concentration Raman magnification, One wave of 
excitation light source 33, and the multiplexing machine 34 which it multiplexs 
[ machine ] with signal light and carries out incidence of the excitation light from 
this excitation light source 33 to said Raman Feiba 3 1, It has the splitter 35 which 
separates spectrally the excitation light which carried out outgoing radiation from 
said Raman Feiba 31 with signal light, and the multiplexing machine 36 incidence 
of the excitation light which carried out outgoing radiation from this splitter 35 is 
carried out [ machine ] to said thulium addition fiber 32, and it multiplexs 
[ machine ] with signal light. Here, outgoing radiation of the signal light by which 
outgoing radiation was carried out is carried out outside through a circulator 37 
from the thulium addition fiber 32. On the other hand, after being reflected by the 
mirror 38, and the signal light which penetrated the splitter 35 penetrating a splitter 
35 again, carrying out incidence to Raman Feiba 31 and amplifying it again here, it 
penetrates the multiplexing machine 34 and outgoing radiation is carried out 
outside through a circulator 37. 

[0038] Although the optical fiber amplifier concerning this gestalt is similar with 
the gestalt of the 2nd operation, the points of the following ** mainly differ. That is, 
with the gestalt of the 2nd operation, excitation light from the one excitation light 
source 13 is carried out with a splitter 14 for 2 minutes, it distributes to the thulium 
addition fiber 12 and Raman Feiba 11, and these are excited. 

[0039] On the other hand, in this gestalt, the excitation light from the one excitation 
light source 33 is first introduced into Raman Feiba 31 using the multiplexing 
machine 34, and the Raman Feiba 31 is excited by high excitation light power. And 
the excitation light which carried out outgoing radiation, without being absorbed 
with Raman Feiba 3 1 is introduced into the thulium addition fiber 32 using a 
splitter 35 and the multiplexing machine 36. Consequently, although it is dependent 
on the class and use gestalt of Raman Feiba 31, since the value of the excitation 
optical loss of Raman Feiba 31 is l-3dB, the excitation light of a quite high rate 
runs through Raman Feiba 31. Therefore, according to this gestalt, there is an 
advantage of being able to excite Raman Feiba 31 by high excitation light power 
compared with the gestalt of the 2nd operation. Of course, to the conventional 
technique, it has the same advantage as the gestalt of the 2nd operation. 
[0040] In the gestalt of implementation of the above 4th, it is realized that the same 
is said of the configuration which replaced said Raman Feiba 31 and the thulium 
addition fiber 32. 
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[0041] As shown in [gestalt of the 5th operation] drawing 4 (a), the optical fiber 
amplifier concerning this gestalt The transmission fiber 41 which is the gain 
medium of distribution Raman magnification, and the thulium addition fiber 42, 
The excitation light source 43 to which the excitation light wave length who excites 
said transmission fiber 41 does outgoing radiation of the less than 1375nm 
excitation light (this gestalt 1370nm), It has the excitation light source 44 which 
carries out outgoing radiation of the same excitation [ than 1405nm ] light (this 
gestalt 1410nm) with larger excitation light wave length, and the excitation light 
source 45 which excites said thulium addition fiber 42. Here, the excitation light by 
which the excitation light by which outgoing radiation is carried out from the 
excitation light sources 43 and 44 is supplied to the transmission fiber 41 through 
the multiplexing machine 46, and outgoing radiation is carried out from the 
excitation light source 45 is supplied to the thulium addition fiber 42 through the 
multiplexing machine 47. 

[0042] Although the optical fiber amplifier concerning this gestalt is similar with 
the conventional technique shown in drawing 13 (a), the following points mainly 
differ. That is, although the transmission fiber is excited with two waves, 1380nm 
and 1400nm, with the conventional technique, it is exciting with two waves, 
1370nm and 1410nm, with this gestalt. That is, the excitation light wave length of 
the Raman magnification differs. 

[0043] According to the loss spectral characteristics of the silica fiber shown in 
drawing 16 , with the conventional technique shown in drawing 13 (a), excitation 
light wave length is for 1375-1405nm which is the region near the absorption peak 
wavelength of an OH radical. Therefore, the loss factor to excitation light was large, 
and since fiber effective length became short, the excitation efficiency of the 
Raman magnification was small. 

[0044] On the other hand, since excitation light wave length is installed in the 
outside of 1375-1405nm of said regions near the absorption peak wavelength with 
this gestalt, excitation efficiency is high. Moreover, there is no difference with the 
big gain spectrum in the conventional technique and this gestalt which are shown in 
drawing 13 (a) from the broadband nature of the Raman gain. Therefore, with this 
gestalt, there is an advantage that the excitation efficiency of the Raman 
magnification can be improved. 

[0045] In the gestalt of implementation of the above 5th, it is realized that the same 
is said of the configuration which replaced said thulium addition fiber 42 and 
Raman Feiba which is the gain medium of concentration Raman magnification. 
[0046] As shown in [gestalt of the 6th operation] drawing 4 (b), the optical fiber 
amplifier concerning this gestalt The transmission fiber 51 which is the gain 
medium of distribution Raman magnification, and Raman Feiba 52 which is the 
gain medium of concentration Raman magnification, The excitation light light 
source 53 to which the excitation light wave length who excites this Raman Feiba 
52 does outgoing radiation of the less than 1375nm excitation light (this gestalt 
1370nm), It has the excitation light source 54 which carries out outgoing radiation 
of the same excitation [ than 1405nm ] light (this gestalt 1410nm) with larger 
excitation light wave length, and the excitation light source 55 which excites said 
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transmission fiber 51. Here, the excitation light by which the excitation light by 
which outgoing radiation is carried out from the excitation light sources 53 and 54 
is supplied to Raman Feiba 52 through the multiplexing machine 56, and outgoing 
radiation is carried out from the excitation light source 55 is supplied to the 
transmission fiber 51 through the multiplexing machine 57. 
[0047] Although the optical fiber amplifier concerning this gestalt is similar with 
the conventional technique shown in drawing 13 (b), the following points mainly 
differ. That is, although Raman Feiba is excited with two waves, 1393nm and 
1427nm, with the conventional technique, it is exciting with two waves, 1370nm 
and 1410nm, with this gestalt. That is, the excitation light wave length of the 
Raman magnification differs. 

[0048] According to the loss spectral characteristics of the silica fiber shown in 
drawing 16 , with the configuration shown in drawing 13 (b), 1393nm which is one 
of the excitation light wave length is for 1375-1405nm which is the region near the 
absorption peak wavelength of an OH radical. Therefore, the loss factor to 
excitation light was large, and since fiber effective length became short, the 
excitation efficiency of the Raman magnification was small. 
[0049] On the other hand, since excitation light wave length is installed in the 
outside of 1375-1405nm of said regions near the absorption peak wavelength with 
this gestalt, excitation efficiency is high. Moreover, there is no difference with the 
big gain spectrum in the conventional technique and this gestalt which are shown in 
drawing 13 (b) from the broadband nature of the Raman gain. Therefore, with this 
gestalt, there is an advantage that the excitation efficiency of the Raman 
magnification can be improved. 

[0050] As shown in [gestalt of the 7th operation] drawing 5 , the optical fiber 
amplifier concerning this gestalt The transmission fiber 61 which consists of a 
distributed shift fiber which is the gain medium of distribution Raman 
magnification, The thulium addition fiber amplifier 64 connected to the 
multiplexing machine 62 and splitter 63 of signal light, The erbium addition fiber 
amplifier 65 connected to this thulium addition fiber amplifier 64 at juxtaposition at 
said splitter 63, The multiplexing machine 66 which multiplexs the outgoing 
radiation light of said thulium addition fiber amplifier 64 and the erbium addition 
fiber amplifier 65, The wavelength of one excitation light has the two excitation 
light sources 67 and 68 which excite said transmission fiber 61 whose wavelength 
of 1350-1430nm (this gestalt 1410nm) and the excitation light of another side is 
1430-1480nm (this gestalt 1440nm). 

[0051] Although the optical fiber amplifier concerning this gestalt is similar with 
the configuration of the conventional technique shown in drawing 14 , the 
following points mainly differ. That is, although the transmission fiber is excited 
with two waves, 1380nm and 1400nm, with the conventional technique shown in 
drawing 14 , it is exciting with two waves, 1410nm and 1440nm, with this gestalt. 
Here, a transmission fiber is a distributed compensation fiber. That is, with the 
gestalt of the conventional technique and this operation, the excitation light wave 
length of the Raman magnification differs. Consequently, in about 1550nm which 
is the zero-dispersion wavelength region of a distributed compensation fiber, the 
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Raman gain is small like the spectrum in the gestalt of operation of the 1st of this 
invention shown in drawing 2 with the configuration of the conventional technique. 
[0052] As this gestalt shows to drawing 6 on the other hand, in said zero-dispersion 
wavelength region, the Raman gain is large by the Raman magnification using 
1440nm excitation light. Therefore, there is an advantage that a big lightwave 
signal pair noise ratio is obtained in said zero-dispersion wavelength region by big 
distribution Raman gain. 

[0053] [Gestalt of the 8th operation] drawing 7 shows the configuration of the 
optical fiber amplifier concerning the gestalt of operation of the 8th of this 
invention. Although this gestalt is similar with the gestalt of said 7th operation as 
shown in this drawing, the following points mainly differ. That is, although it 
stands in a row with the thulium addition fiber amplifier 64 and the erbium addition 
fiber amplifier 65 is used with the gestalt of the 7th operation, with this gestalt, it 
stands in a row with the thulium addition fiber amplifier 64, and the Raman 
amplifier 75 is used. In addition, the same number is given to the same part as 
drawing 5 among drawing 7 , and the overlapping explanation is omitted. 
[0054] The gain spectral characteristics in this gestalt are shown in drawing 8 . 
With the gestalt of the 7th operation, although the bottom of a left shoulder needs to 
make ** EDFA gain 1550nm or less to wavelength, such a spectrum setup has the 
fault that effectiveness is bad, from the reasons of using the big gain equalizer of 
loss. 

[0055] On the other hand, with this gestalt, although the bottom of a left shoulder 
needs to make ** Raman gain 1550nm or less to wavelength, such a spectrum 
setup has the advantage of being easy, from the spectral characteristics of the 
Raman gain. 

[0056] As shown in [gestalt of the 9th operation] drawing 9 , the optical fiber 
amplifier concerning this gestalt Raman Feiba 81 installed in the preceding 
paragraph, and Raman Feiba 83 installed in the latter part, The thulium addition 
fiber 82 installed in the middle, and the excitation light source 84 whose 
wavelength which excites said Raman Feiba 81 is 1420-1460nm, It has the 
excitation light source 86 whose wavelength which excites said Raman Feiba 83 is 
1420-1460nm, and the excitation light source 85 which excites said thulium 
addition fiber 82. In addition, 87, 88, and 89 are multiplexing machines among 
drawing. 

[0057] Although this gestalt is similar to the conventional technique of drawing 13 
(c), and the gestalt of operation of the 2nd of drawing 1 (b), the following points 
mainly differ. That is, the optical fiber amplifier of this gestalt has two Raman 
Feiba 81 and 83 and one thulium addition fiber (TDF) 82. With said conventional 
technique and the gestalt of the 2nd operation, Raman Feiba 1 1 was one. Moreover, 
with this gestalt, the excitation light wave length to Raman Feiba 81 and 83 is set to 
about 1420nm or more and about 1460nm or less. For example, in drawing 9 , the 
excitation light wave length is 1440nm. Drawing 10 shows the example of a gain 
spectrum acquired with this gestalt. 

[0058] Since the upper limit of the gain wavelength region of TDF is about 
1520nm, by the long wavelength side, TDF does loss resulting from ground level 
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absorption to signal light from it. So, with the conventional technique shown in 
drawing 13 (c), the excitation light wave length to Raman Feiba could be about 
1415nm or less. For this reason, the gain wavelength region of optical fiber 
amplifier had the fault of being restricted to about 1510nm or less. Moreover, when 
the excitation light wave length to Raman Feiba 1 1 is set to about 141 5nm or more 
with the gestalt of the 2nd operation and TDF12 is stationed for Raman Feiba 1 1 in 
the latter part in the preceding paragraph, there is a fault that a noise figure 
deteriorates in wavelength region about 1520nm or more. Moreover, similarly, 
when TDF 12 is stationed for Raman Feiba 1 1 in the latter part in the preceding 
paragraph, there is a fault that signal optical output power deteriorates in 
wavelength region about 1 520nm or more. 

[0059] On the other hand, with this gestalt, in order that the gain of Raman Feiba 
83 may fully compensate said loss in wavelength region about 1520nm or more, 
there is an advantage that degradation of the above noise figures and signal optical 
output power is avoidable. The example of a type of about 5dB and said Raman 
Feiba gain of the example of a type of said loss is about 20dB on the wavelength of 
1540nm in the wavelength of 1540nm. 

[0060] Therefore, with the conventional technique and the gestalt of the 2nd 
operation, there is an advantage that the upper limit is expandable to about 1560nm, 
by this gestalt to the upper limit of the signal light wave length by whom a low 
noise figure and high signal optical output power are got being about 1510nm. 
About 1560nm of upper limits of said signal light wave length is decided by about 
1460nm of upper limits of excitation light wave length over said Raman Feiba 81 
and 83. The reason is because the peak wavelength of the Raman gain by 1460nm 
excitation light is about 1560nm. In the example of a gain spectrum shown in 
drawing 10 , flat gain is acquired in about 80nm extensive wavelength region of 
1460 to 1540 nm. 

[0061] As shown in [gestalt of the 10th operation] drawing 11 , the optical fiber 
amplifier concerning this gestalt Raman Feiba 91 installed in the preceding 
paragraph, and Raman Feiba 93 installed in the latter part, The thulium addition 
fiber 92 installed in the middle, and the excitation light source 94 whose 
wavelength which excites said Raman Feiba 91 is 1420-1460nm, The excitation 
light source 96 whose wavelength which excites said Raman Feiba 93 is 
1420-1460nm, The excitation light source 100 whose excitation light wave length 
who excites said Raman Feiba 91 it not only has the excitation light source 95 
which excites said thulium addition fiber 92, but is 1340-1500nm, The excitation 
light wave length who excites said Raman Feiba 93 has the excitation light source 
96 which is 1340-1500nm. In addition, 97, 98, and 99,102,103 are multiplexing 
machines among drawing. 

[0062] Although this gestalt is similar with the gestalt of said 9th operation, the 
following points mainly differ. That is, although the number of both the excitation 
light wave length of Raman Feiba 81 and 83 is one with the gestalt of the 9th 
operation (1440nm), they may be two waves (1380nm and 1440nm) with this 
gestalt. With the gestalt of the 9th operation, since the gain of Raman Feiba 81 and 
83 is not sufficiently large (for example, 3dB or less), there is a fault that 
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degradation of a noise figure and signal optical output power will arise in the short 
wavelength region in a short wavelength region (for example, 1470nm or less). 
[0063] On the other hand, with this gestalt, since the excitation light of the added 
short wavelength brings the Raman gain to the short wavelength region of said 
signal light, there is an advantage that gain of Raman Feiba 91 and 93 can be 
enlarged enough (for example, 7dB or more). Moreover, especially, in Raman Feiba 
91, since the excitation light of short wavelength has front excitation composition 
which carries out incidence to Raman Feiba 91 from front (the propagation 
direction where signal light and excitation light are the same in Raman Feiba 91, 
and becoming direction), it can aim at reduction of a noise figure more effectively 
compared with the case of the reverse back excitation. If the wavelength of the 
excitation light of said short wavelength is 1340-1500nm, it can expect the 
above-mentioned effectiveness and is effective. 

[0064] As shown in [gestalt of the 11th operation] drawing 12 , the optical fiber 
amplifier concerning this gestalt The construction transmission fiber 1 1 1 as a gain 
medium of distribution Raman magnification installed in the preceding paragraph, 
Raman Feiba 113 installed in the latter part, and the thulium addition fiber 112 
installed in an intermediate stage, It has the excitation light source 114 whose 
wavelength which excites said construction transmission fiber 111 is 1420-1460nm, 
the excitation light source 116 which excites said Raman Feiba 113 and whose 
wavelength is 1420-1460nm, and the excitation light source 115 which excites said 
thulium addition fiber 1 12. In addition, 1 17,1 18,1 19 are a multiplexing machine 
among drawing. 

[0065] Drawing 12 shows the configuration of the optical fiber amplifier 
concerning the gestalt of operation of the 1 1th of this invention. Although this 
gestalt is similar with the gestalt of said 9th operation, the following points mainly 
differ. That is, although two Raman Feiba 81 and 83 is used as a gain medium of 
the Raman magnification with the gestalt of the 9th operation, with this gestalt, one 
Raman Feiba 113 is installed in the output side of an optical fiber amplifier, and the 
construction transmission fiber 111 of the preceding paragraph of the thulium 
addition fiber 112 is used as the gain medium of distribution Raman magnification. 
[0066] Consequently, the effectual noise figure of the optical fiber amplifier 
concerning this gestalt can be reduced from the low noise nature of distribution 
Raman magnification. Especially the amount of reduction has the advantage that it 
is large in the big wavelength region of distribution Raman gain, and degradation 
of the noise figure resulting from the above and loss of TDF1 1 1 can be removed 
notably. 
[0067] 

[Effect of the Invention] As stated above, according to the example of this 
invention, it was a problem with the conventional technique. The fault that the gain 
wavelength region is restricted and it is narrow, and the fault that the two excitation 
light sources are required according to wavelength, Since the fault that loss of 
excitation light is large and excitation efficiency falls, and intensive magnification 
mold Raman amplifier are used, the fault that a noise is loud, and the fault that the 
two excitation light sources are still more nearly required, and the two excitation 
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light sources are required according to wavelength are solvable. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the optical fiber 
amplifier concerning the gestalt of operation of this invention, and they are the 
gestalt of the 1st operation of (a), and the gestalt of the 2nd operation of (b). 
[Drawing 2] the optical fiber amplifier concerning the gestalt of the 1st operation 
shown in drawing 1 — it is the graph which shows the gain spectrum to kick. 
[Drawing 3] It is the block diagram showing the configuration of the optical fiber 
amplifier concerning the gestalt of operation of this invention, and they are the 
gestalt of the 3rd operation of (a), and the gestalt of the 4th operation of (b). 
[Drawing 4] It is the block diagram showing the configuration of the optical fiber 
amplifier concerning the gestalt of operation of this invention, and they are the 
gestalt of the 5th operation of (a), and the gestalt of the 6th operation of (b). 
[Drawing 5] It is the block diagram showing the configuration of the optical fiber 
amplifier concerning the gestalt of operation of the 7th of this invention. 
[Drawing 6] the optical fiber amplifier concerning the gestalt of the 7th operation 
shown in drawing 5 — it is the graph which shows the gain spectrum to kick. 
[Drawing 7] It is the block diagram showing the configuration of the optical fiber 
amplifier concerning the gestalt of operation of the 8th of this invention. 
[Drawing 8] the optical fiber amplifier concerning the gestalt of the 8th operation 
shown in drawing 7 — it is the graph which shows the gain spectrum to kick. 
[Drawing 9] It is the block diagram showing the configuration of the optical fiber 
amplifier concerning the gestalt of operation of the 9th of this invention. 
[Drawing 10] the optical fiber amplifier concerning the gestalt of the 9th operation 
shown in drawing 9 ~ it is the graph which shows the gain spectrum to kick. 
[Drawing 1 1] It is the block diagram showing the configuration of the optical fiber 
amplifier concerning the gestalt of operation of the 10th of this invention. 
[Drawing 12] It is the block diagram showing the configuration of the optical fiber 
amplifier concerning the gestalt of operation of the 1 1th of this invention. 

[Drawing 13] It is the block diagram showing the 1st thru/or the 3rd configuration 

of each optical fiber amplifier concerning the conventional technique. 

[Drawing 14] It is the block diagram showing the 4th configuration of each optical 
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fiber amplifier concerning the conventional technique. 

[Drawing 15] It is the graph which shows the gain spectrum in the optical fiber 
amplifier concerning the conventional technique, and the 1st configuration which 
shows (a) to drawing 13 (a), and (b) correspond to the 2nd configuration shown in 
drawing 13 (b). 

[Drawing 16] It is the graph which shows the loss spectrum of a silica fiber. 
[Description of Notations] 

1, 21, 41, 51, 61,111 Transmission fiber 

2, 12, 22, 32, 42, 82, 92,102 Thulium addition fiber 

3, 13, 23, 33, 43, 44, 45, 53, 54, 55, 67, 68, 84, 85, 86, 94, 95, 96, 100, 
101,114,115,116 Excitation light source 

11, 31, 52, 81, 83, 91, 93,113 Raman Feiba 

64 Thulium Addition Fiber Amplifier 

65 Erbium Addition Fiber Amplifier 
75 Raman Amplifier 

[Translation done.] 
♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 

[Drawing 1] 



[Drawing 2] 



[Drawing 5] 



[Drawing 3] 



[Drawing 4] 



[Drawing 6] 
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[Drawing 7] 
[Drawing 8] 
[Drawing 9] 
[Drawing 10] 
[Drawing 11] 
[Drawing 12] 
[Drawing 13] 
[Drawing 14] 
[Drawing 15] 
[Drawing 16] 

[Translation done.] 
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